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Monitoring Seasonal and Long-term Climate Changes and
Extremes in the Central Alaska Network
by Pamela J. Sousanes

Figure 1. Locations of climate stations in
the Central Alaska Network.

Abstract
Climate is a primary driver of ecological change 
and an important component of the Central Alaska
Inventory and Monitoring Network (CAKN). By
monitoring seasonal and long-term climate 
patterns in the region, we can correlate climate
changes and extremes to other variations in the
ecosystem, such as changes in permafrost extent or
vegetation composition. As part of the monitoring
effort, the CAKN staff worked with the Western
Regional Climate Center (WRCC) and Dr. Richard
Keen to produce a climate station inventory and
baseline climate data analysis for the region. The
initial results from the analysis highlight the cor-
relation among the sites in the network and the
relationships between the long-term station data
and different climate indices that affect the region.
It also describes the variability of climate within
the defined period of record and points out the
large numbers of factors that influence the
regional climate.
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Introduction
The Central Alaska Inventory and Monitoring Network

(CAKN) covers 21 million acres in Denali National Park
and Preserve, Wrangell-St. Elias National Park and Preserve,
and Yukon-Charley Rivers National Preserve. Climate in
this vast area is extremely variable, ranging from a mild
maritime climate along the Gulf of Alaska to a continental
interior climate characterized by large variations in season-
al temperatures. Understanding how these climate pat-
terns vary on both a spatial and temporal scale will help us
to understand the myriad of ecological changes we are see-
ing in the parks. The objective of the climate monitoring
program is to record weather conditions at representative
sites in order to identify long and short term trends, provide
reliable climate data to other researchers, and to participate
in larger scale climate monitoring and modeling efforts
(Sousanes 2004). The location of climate sites in and around
the three parks is shown in Figure 1. 

Dr. Kelly Redmond, and the staff at the WRCC, compiled
an inventory of climate stations for the network (Redmond
and Simeral 2006), and Dr. Richard Keen, a climatologist
from the University of Colorado, was contracted to provide
a baseline climate analysis for the region. The preliminary
results from the climate data analysis highlight relation-
ships between the available long-term station data and 
climate indices such as the Pacific Decadal Oscillation
(PDO) and the North Pacific (NP) Index. With this ground
work done, the CAKN climate monitoring program is now
poised to detect changes in climate by comparing future
data from the stations with this baseline data. 

Methods
The results from the analysis are based on long-term

data sets or a combination of stations within and near 
the three units of the CAKN. Eagle, McKinley Park, and
Gulkana are three stations with records greater than 80
years that are used in this analysis along with six other 
stations in the region, including Fairbanks, Talkeetna,
Cordova, Valdez, Yakutat, and combinations of stations

including McCarthy/Kennecott/Chitina and Fort Yukon/
Circle/Central. For temperature analysis, monthly and
annual time series were compiled. Because the Central
Alaska region includes coastal areas where the annual, sea-
sonal, and daily temperatures fluctuate less than those at
interior sites such as Eagle, using station means was not
useful for region-wide analysis, but determining annual
average temperature departure from normals allowed for
region-wide correlations. The normalized departure for
each year at each station is given by:

Normalized Departure = 
(Annual temperature —1971-2000 normal) /
Standard Deviation of annual temps

Records of precipitation are especially important for
documenting climate and understanding climate effects 
on ecosystems, but measuring precipitation, where most 
of the precipitation comes in the form of snow, and where
it is windy, is technically quite difficult. The only long-term
station available for analysis in CAKN for year-round 
precipitation is the National Weather Service (NWS) site 
at McKinley Park; all of the other long-term sites have 
large data gaps. However, there are over 30 sites that 
measure snow and snow water equivalent (SWE) in the
network that have long enough records for analysis. These
sites are from a combination of the Natural Resources
Conservation Service (NRCS) snow telemetry (SNOTEL)
and snow course sites and NWS cooperative sites.
Following the methodology used by the NRCS National
Water and Climate Center (NWCC), the individual SWE
for each site is expressed as a percent of the 1971-2000
average for that site and month. 

Results
Temperature

The variability among departure from normal tempera-
tures from the CAKN long-term stations is consistent
across the region. For summer (June-August) tempera-
tures over the period of record, the correlations between
the individual long term stations and the average of
all nine stations range from 0.65 to 0.89. For winter
(December-February) temperatures, the correlations are
even better, ranging from 0.84 to 0.94. Correlations for
annual mean temperatures range from 0.77 to 0.92. 
Figure 2 shows the departure from normal for annual 
temperatures plotted with a 5-year moving average. A 
five-year average is used to emphasize the decadal variabil-
ity associated with changes in the regional atmospheric
and oceanic circulations. 

The objective of the climate monitoring program is to record weather conditions at representative

sites in order to identify long and short term trends, provide reliable climate data to other

researchers, and to participate in larger scale climate monitoring and modeling efforts. 
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Figure 2. Normalized Central Alaska Network regional 
annual temperatures. Average of nine stations with 5-year
moving average.
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Precipitation
The focus for the analysis is on snow and SWE. The

average correlation coefficient for SWE of 19 sites in
Denali is 0.83; for the 18 sites in Wrangell-St. Elias the 
average correlation coefficient is 0.65, and for the nine 
sites in Yukon-Charley the average is 0.87. There is good
correlation among sites in a single park, and the annual
variations in SWE are consistent between the three parks
(Figure 3). The respective correlations between Denali,
Yukon-Charley, and Wrangell-St. Elias and the three unit
average is 0.89, 0.87, and 0.90. Because the variations of
SWE in the three units are so well correlated, the average
SWE for all units combined can be used for analyzing the
possible causes of variation across the network. 

Discussion and Conclusions
Climate Variability and Atmospheric 
and Oceanic Climate Indices

In order to explain climate variations, and in particular
temperature variations in the CAKN, we looked for corre-
lations between temperature and larger scale atmospheric
and oceanic circulations. Many studies show that temper-

ature changes in the region coincide with shifts in the
Pacific Decadal Oscillation (PDO), which is a pattern of
Pacific sea surface temperatures that shifts phases on a
decadal time scale, usually about 20 to 30 years. During 
a warm, or positive, phase, the west Pacific becomes cool
and part of the eastern ocean warms; during a cool or 
negative phase, the opposite pattern occurs (Mantua et al.
1997). In 1976, the North Pacific region, including Alaska,
underwent a dramatic shift to a warmer climate with 
dramatic increases in winter and spring temperatures, and
lesser increases in summer and autumn, when compared
to the previous 25-year period (Hartmann and Wendler
2005, Serreze et al. 2000). The North Pacific (NP) climate
index is closely correlated with the PDO and is a measure
of the sea level pressure over the region; it is used as an
indicator of the strength of the Aleutian Low.

The strongest and most consistent of the observed cor-
relations for the CAKN analysis, as in the other studies
mentioned above, is between annual, and especially win-
ter, temperature and the PDO and the NP index (Table 1).
During the period 1947-1976 the Aleutian Low was rela-
tively weak, allowing arctic air masses to engulf Alaska
leading to cold winters. From 1923-1946 and from 1977 to
the present, the Aleutian Low has been stronger, pushing
mild maritime air into the state. The long-term tempera-
ture records used in the CAKN analyses span through 
two of these regime shifts. The mean annual temperatures
for the nine long-term stations during the first warm 
phase (1923-1946) of the PDO was 31.7°F (-0.2°C), for 
the cool phase (1946-1977) was 29.9°F (-1.2°C), and for
the second warm phase was 32.0°F (0°C). So, although the
decades since 1977 have averaged two degrees F warmer
than the previous three decades, those decades were 
in turn two degrees F colder than 1923-1945 (Figure 4).
Therefore, the net change in annual temperatures since
1920 is less that 0.5 degree F. These results highlight the
importance of defining the period of record when analyz-
ing long-term trends. If a 30-year record were analyzed 
it would show significant warming in the region, but 

with 80 years of data the large decadal variability of the 
climate becomes more apparent.

This paper does not go into detail regarding correla-
tions with other climate indices; however the correlation
with the PDO and winter temperatures is the most obvi-
ous. The correlations between precipitation (as SWE) and
climate indices are weak and require further investigation,
but the coherence among sites in the network will make 
it easier to detect changes and patterns in the region.
There are many other factors influencing the climate of
the central Alaska region, including potential effects 
from arctic Alaska, where terrestrial changes in summer
albedo are contributing to high-latitude warming trends
(Chapin et al. 2005). In many places in the Central Alaska
region only a small shift in temperatures will change the
climatic regime from one where temperatures are near
freezing to one where temperatures are slightly above
freezing. This phase change from ice to water limits a vari-
ety of biophysical processes, which operate on multiple
spatial and temporal scales (Hinzman et al. 2005).

Management Implications
Park management faces an increasing challenge to 

protect park resources in the face of climate change. The
recent climate inventory and analysis gives perspective to
the large scale processes that affect the regional climate
and will help us to understand and interpret future climate
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Figure 3. Percent of normal Snow Water Equivalent (SWE)
from Denali, Wrangell-St. Elias and Yukon-Charley Rivers,
and the average of the three parks combined.

Index

North Pacific 

Pacific Decadal Oscillation

CAKN Summer
Temperatures
(Jun-Jul-Aug)

-0.34

0.22

CAKN Winter
Temperatures 
(Dec-Jan-Feb)

-0.72*

0.67*
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Table 1. Correlations between 5-year moving averages of
Central Alaska Network winter and summer temperatures
and the North Pacific and Pacific Decadal Oscillation climate
indices, with significance levels noted.

* Significant at the .01 level
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variability. The climate monitoring component of CAKN
is now set up to provide web-based climate data and
analysis tools that can be used to track climate through
time, and relate climate changes and extreme events to
other ecological and community processes. These data are
available at http://www.wrcc.dri.edu/NPS.html. 
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Figure 4.  Normalized Central Alaska Network regional
annual temperatures of all nine stations with Pacific
Decadal Oscillation (PDO) regimes superimposed.
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A summer rain shower in Denali National Park and Preserve.
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